In order to develop production technology of instant rice, this study was undertaken with the soaking and processing conditions to improve the quality of instant rice. Soaking temperature, soaking time and adding amount of water were all investigated to select the optimal soaking condition by measuring water absorption and moisture content. Pseudo-level method of L 9 (3 4 ) orthogonal design tests were adopted to optimize the cooking process by physical properties mainly including hardness, adhesiveness and moisture content. Results showed that physical properties had significant linear relationship with three processing factors by multiple linear regressions and the optimal cooking process was maintaining pressure at 80 KPa for 4 min and stewing rice for 15 min.
INTRODUCTION
Instant rice is rice that can be rehydrated in a relatively short period of time, either by the addition of hot water or by the addition of water and microwave heating, after which the rice is ready for consumption (Lee and Wissgott, 2001 ). Instant rice is becoming more and more popular. However, instant rice still exist some problems, especially lower hardness and less sticky (Prasertand Suwannaporn, 2009) . Many studies have shown that the hydration kinetics is affected by soaking time and temperature and the solute concentration (Shittuet al., 2004; Badauet al., 2005) . To obtain instant rice, raw rice is cooked in order to gelatinize its starch (Rewthong et al., 2011) . Degree of gelatinization was related to cooking method, cooking time and/or temperature. The effects of cooking conditions on the quality of cooked rice were investigated (Leelayuthsoontorn and Thipayarat, 2006) . High pressure cooking process resulted in more homogeneous gelatinization (Baz et al., 1992) In this study, the pseudo-level method of L 9 (3 4 ) orthogonal design tests were applied to research the impact of cooking conditions on the physical properties of instant rice, namely hardness, adhesiveness and moisture content. The relationships between physical properties and processing factors, including cooking pressure, pressure keeping time and stewing time, were also investigated 
MATERIALS AND METHODS

Materials
Methods:
Soaking conditions: This experiment was carried out on the sample rice at 25, 35 and 45°C, respectively in a thermostatic water bath. Five grams of sample rice wasremovedwith residual surface water at predetermined time interval of 10 min up to 2 h and reweighed until the increase in weight was less than 0.001 g. The ratio of the increase during soaking in the weight before soaking was calculated as water absorption.
Preparation of cooked rice samples: One hundred grams of rice was washed three times quickly and then soaked in 160 g water at 25°C for 60 min. Both water and rice were poured into the pressure cooker of adjustable voltage. The soaked rice was cooked at 80 KPa for 5 min and stewed for 20 min. About 220 g of cooked rice were frozen quickly in the -80°C freezing refrigerator for 3 h, finally kept at-18°C for 48 h prior to microwave reheating.
Texture profile analysis:
The TPA of cooked rice was measured with a Texture Analyzer TA-XT2. Sample undergoes a "two-bite" compression by using a 5 kg load cell. It was compressed 3 mm with a time interval of 5 s at a speed of 0.5 mm/s. This experiment was Moisture content: The initial moisture content of sample was determined on wet basis using the standard method of AOAC (2003). The moisture content was measured for the replicated samples by the air oven method at 105°C for 3 h. The samples were weighed to 0.001 g accuracy with a balance.
Experimental design:
Various factors including cooking pressure, pressure keeping time and stewing time were studied individually in order to determine the effect on hardness and moisture content. As cooking pressure has only two levels, while other factors has three levels, each factor was optimized by pseudo-level method of L 9 (3 4 ) orthogonal design tests (Table 1) , which included a column and a dummy level of cooking pressure. Finally, the optimum conditions were selected to perform the confirmatory experiment.
Since the pseudo-level method of orthogonal design tests were adopted, related data analysis should be adjusted lightly, especially the standard deviation of cooking pressure in the following:
(when j = 2, 3, 4, SS j is successively parallel to SS B , SS 空 and SS c ) Statistical analysis: Data obtained from quality parameters of reheated rice and were subjected to analysis of variance. The data processing, programming and the regression analysis were performed using Excel and SPSS.
RESULTS AND DISCUSSION
Effect of soaking condition on water absorption: The water absorption curves at 45°C (Fig. 1) showed a quicker increase during the first minutes and finally got the slightly higher than at 25 and 35°C. While, three absorption curves nearly came to the same saturation moisture content of 30.84%. The hydration curve (Fig. 2) showed that moisture content increased significantly when adding amount was 110 to 140 g. When the amount increased continuously, the increasing tendency became gradual and it came to the final saturation moisture content and kept balanced with 160 g. Hence, soaking rice for 60 min at 25°C was to be adopted. Some studies showed that the texture profile analysis, mainly including hardness and adhesiveness can be adopted to evaluate the sensory quality of the product (Ghasemi et al., 2009; Huahan et al., 2012; Park et al., 2001) . Therefore, hardness and adhesiveness are important parameters for the evaluation of cooked rice texture. Table 2 showed that a decrease in cooking pressure caused a harder and less sticky texture, while rice at 80 KPa owned higher moisture content. High pressure induced high gelatinization, which resulted in a softer texture, so we choosing 80 KPa as the third dummy level in the pseudo-level method of L 9 (3 4 ) orthogonal design tests. Fig. 3 and 4, when keeping pressure for 2 min, it was so quick that rice was not fully gelatinized, therefore, reheated rice was quite hard and its moisture content was not high enough. After keeping for 4 min, the rice has the lowest hardness and highest moisture content, achieving the best sensory quality. An increase for larger 6 min caused a bigger hardness, a lower adhesiveness and lower moisture content. However, rice was inclined to a little paste for 9 min, which caused a poor quality.
Effect of cooking pressure on the physical properties:
Effect of pressure keeping time on physical properties: In
Effect of stewing time on physical properties:
The moisture content of rice decreased with stewing time increasing (Fig. 5 and 6 ). If rice did not undergo stewing rice period, the gelatinization would not be homogeneous, while, stewing time larger 40 min, excessive loss from evaporation led to increase in hardness, decrease in adhesiveness and moisture content.
Process optimization: Table 3 showed that the optimum processing was A1B1C2 when measured by the hardness, A1B2C1 when measured by the adhesiveness and A3B1C2 when measured by the moisture content. As the pseudo-level method was adopted, A3 was equal with A1. Consequently, we should arrange the confirmatory experiment, namely A1B1C2 and A1B2C1. According to Table 4 , cooking pressure and pressure keeping time had significant or extremely significant effect on hardness, adhesiveness and moisture content. Stewing time had significant influence on hardness and adhesiveness, while had no great influence on moisture content. It was apparent in Table 5 by multiple linear regressions that evaluation indexes separately had extremely significant linear relationship with cooking pressure, pressure keeping time and stewing time.
Confirmatory experiments showed that the rice owned a softer texture and higher moisture content when maintaining pressure time set at 4 min than 5 min. In line with sensory observation, the optimal cooking process was that rice was cooked at 80 KPa with keeping pressure for 4 min and stewed for 15 min.
CONCLUSION
Processing conditions affected physical properties including hardness, adhesiveness and moisture content of instant rice. Soaking process can help rice achieve the saturation moisture content (about 30.84%). The hardness and moisture content decreased as cooking pressure increased, while adhesiveness had adverse effect. The physical properties separately had extremely significant linear relationships with each processing parameter. After comprehensive evaluation, the optimal cooking process was maintaining pressure at 80 KPa for 4 min and stewing for 15 min. 
